Performance assessment for crystalline host rock:

effects of discrete fracture network realization variability
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 Run 50 realizations of epistemic uncertainties (Table 1) for each
DFN realization using PFLOTRAN (Hammond et al. 2011; Lichtner
and Hammond 2012) and GDSA Framework (pa.sandia.gov)

 Analyze results

Table 1. Epistemic uncertainties assumed and propagated.

Parameter Distribution

Used nuclear fuel (UNF) fractional

dissolution rate (rateUNF) (yr1)

Glacial permeability (kGlacial) (m?)
Buffer porosity (pBuffer)

Damaged rock zone (DRZ) permeability
(permDRZ) (m?2)

Buffer permeability (permBuffer) (m?)
log of mean waste package fractional

degradation rate at 60°C (rateWP) (yr1)~

" Uncertainty among waste packages about the sampled log mean rate is assumed to be
normally distributed with a standard deviation of 1.
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Discrete Fracture Network

Figure 1. Cut-away of DFN 1 realization mapped to porous medium grid,
showing the far half of the repository and model domain. Fractures of the
DEN realization are shown in orange. Unconnected fractures are removed.
Five deterministic fracture zones, three sub-vertical (gray) and two with a

dip of approximately 30 degrees (red), are common to each DFN realization.

Observation points 4 and 6 are located above the midline of the repository
where the deterministic fracture zones intersect the top boundary.
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Figure 2. 1-129 concentration contours for DFN 1 at 300 years.
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Figure 4. Cumulative occurrence of breakthrough (>101° M) for each
DFN at observation points (DFN 1 in red).

Conclusions

* Breakthrough time variation at OBS points owe primarily to:
 Uncertainty in waste package degradation rate
 Uncertainty in spatial locations of connected fractures

* Results support (1) avoiding waste emplacement near connected

fractures intersecting the repository and (2) sealing the drift and
damaged rock zone in the vicinities of those fractures.

References

. Hammond, G. E., P. C. Lichtner, C. Lu and R. T. Mills (2011). "PFLOTRAN: Reactive Flow and Transport Code for Use on Laptops to Leadership-Class Supercomputers."
Groundwater Reactive Transport Models. F. Zhang, G. T. Yeh and J. Parker. Bentham Science Publishers.

. Hyman, J. D, S. L. Painter, H. Viswanathan, N. Makedonska and S. Karra (2015). "Influence of injection mode on transport properties in kilometer-scale three-
dimensional discrete fracture networks," Water Resources Research, 51(9):7289-7308.

. Joyce, S., L. Hartley, D. Applegate, J. Hoek and P. Jackson (2014). "Multi-scale groundwater flow modeling during temperate climate conditions for the safety
assessment of the proposed high-level nuclear waste repository site at Forsmark, Sweden," Hydrogeology Journal, 22(6):1233-1249.

. Lichtner, P. C. and G. E. Hammond (2012). Quick Reference Guide: PFLOTRAN 2.0 (LA-CC-09-047) Multiphase-Multicomponent-Multiscale Massively Parallel Reactive
Transport Code. LA-UR-06-7048. December 8, 2012. Los Alamos National Laboratory, Los Alamos, New Mexico.

. Mariner, P. E., E. R. Stein, J. M. Frederick, S. D. Sevougian, G. E. Hammond and D. G. Fascitelli (2016). Advances in Geologic Disposal System Modeling and Application
to Crystalline Rock. FCRD-UFD-2016-000440, SAND2016-9610 R. Sandia National Laboratories, Albuquerque, New Mexico.

. Stein, E. R., J. M. Frederick, G. E. Hammond, K. L. Kuhlman, P. E. Mariner and S. D. Sevougian (2017). "Modeling Coupled Reactive Flow Processes in Fractured
Crystalline Rock," 16th International High-Level Radioactive Waste Management Conference, Charlotte, North Carolina, April 9-13, American Nuclear Society.




